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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a dry etching apparatus, a dryetching method and a diluted anhydrous fluoride gas 
generator, and more particularly, to an apparatus and a method capable of selectively cleaning surface of substrate and 
removing various unnecessary films formed on the surface of substrate in the process of semiconductor production and 
a diluted anhydrous hydrogen fluoride gas generator for use therein. 

2. Description of Prior Arts: 

It is a recent trend that etching of film from the surface of substrate by gas (or vapor) phase method is carried out 
under the presence of moisture (i.e., H 2 0) of high concentration using a mixture gas of hydrogen fluoride gas and water 
vapor. For example, the Japanese Patent Application laid-open under Publications Nos. Sho 56-88320 and 59-166675 
(unexamined) disclose a reaction which is performed by applying hydrogen fluoride gas vaporized from hydrofluoric 
acid. Further, the Japanese Patent Application laid-open under Publication No. Sho 62-502930 (unexamined) discloses 
a method in which a hydrogen fluoride gas containing moisture of high concentration is prepared by adding anhydrous 
hydrogen fluoride gas to water vapor. 

However, in the mixture wherein hydrofluoric gas is mixted with vapor, reactivity with oxide film and other reactive 
films is so high that neither control of film etching rate nor selective etching of films according to their kind can be 
achieved. For example, it is almost impossible to etch away an unnecessary film such as native oxide film alone from 
the surface of a substrate on which thermal oxide film, CVD film, BSG film and native oxide film are mixedly formed. 

Moreover, hydrogen fluoride gas mixed with moisture of high concentration brings about high corrosivity, and any 
metal cannot be used as components of apparatus, particularly as gas pipe line through which moistured hydrogen flu- 
oride gas is supplied. Accordingly, it is obliged to employ a pipe line or a chamber made of certain polymeric resin or 
fluororesin, which brings about further problems in view of -handling and installation. When using a gas pipe line and 
chamber of polymeric resin or fluororesin, there is a further disadvantage in such an aspect as joint, and it is impossible 
to perfectly prevent the pipe line from entrance of components of atomospheric air from outside. As a result, clean proc- 
ess cannot be achieved. 

SUMMARY OF THE INVENTION 

An object of the present invention is therefore to provide an apparatus in which, among various films intricately 
formed on the surface of a semiconductor substrate, necessary films are left thereon while unnecessary film or films 
being etched therefrom utilizing a difference between their individual reactivities with fluorine by changing concentration 
of hydrogen fluoride. 

Another object of the invention is to provide the foregoing apparatus wherein at least gas pipe line connected to a 
reaction chamber is made of metal so that a gas of ultra-clean grade may. be supplied therethrough while reducing 
metallic corrosion by using a diluted anhydrous hydrogen fluoride gas of very little moisture. ' 

In order to accomplish the foregoing objects, the inventors have been engaged in studies of dry etching apparatus, 
and developed a dry etching apparatus composed of any of metal, silica, ceramic or combination thereof comprising a 
processing chamber in which substrates are placed, and a diluted anhydrous hydrogen fluoride gas generator, the 
apparatus being characterized in that said processing chamber is connected to said diluted anhydrous hydrogen fluo- 
ride gas generator through a pipe line made of such a metal as stainless steel or nickel, and an inert gas supply pipe 
line is connected to a branch point between said processing chamber and said diluted anhydrous hydrogen fluoride gas 
generator. 

Being quite different from the prior arts, in the etching of film from the surface of substrate by using the gas phase 
method in accordance with the invention, an inert gas is mixed with a diluted anhydrous hydrogen fluoride gas contain-" 
ing very little moisture at any ratio to change concentration of hydrogen fluoride, whereby at least one of various kinds 
of films formed on the surface of semiconductor substrate (or wafer) is selectively etched away utilizing difference 
between the reactivities with hydrogen fluoride gas. To be more specific, there is provided in accordance with the inven- 
tion an apparatus in which at least one of complex films composed of not less than two kinds of films, each being reac- 
tive with hydrogen fluoride, can be selectively etched away by using a diluted anhydrous hydrogen fluoride gas whose 
concentration of moisture (H 2 0) is several tens vppm, preferably not more than 10 vppm, more preferably not more than 
several vppm, and whose concentration of hydrogen fluoride is not more than 10 v%, preferably not more than 5 v%. In 
this respect, the letter V prefixed to each of the aforesaid values means volume (or capacity). Silicon film such as ther- 
mally oxidated Si0 2 film, CVD Si0 2 film; CVD film (PSG film, BSG film, BPSG film) doped with phosphorus or boron; 
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and very thin native oxide film formed by thermal chemical or air oxidation are shown as examples of the aforesaid films 
reactive with hydrogen fluoride on the semiconductor substrate. 

Thus, in the production process of ULSI requiring such a selectivity as etching of unnecessary film while leaving 
necessary film completely, selective etching is now achieved by using reaction area between a diluted anhydrous hydro- 
5 gen fluoride gas and a film as disclosed in the invention, even in the event of a variety of films intricately formed. Accord- 
ingly, in the production process of submicron LSI for example, etching of native oxide film remaining on the surface of a 
semiconductor substrate in accordance with the invention will significantly contribute not only to improvement in quality 
of thin films to be laminated on the surface of semiconductor substrate, but also to decrease in processing temperature. 
Wet process with a certain chemical and Dl water has been heretofore essential in performing cleaning of Semi- 
te conductor substrate. However, when attempting to clean completely such portion as internal part of deep via holes of 
very small diameter in the manufacturing process of submicron LSI whose pattern dimensions are greatly reduced, the 
cleaning is very difficult because of wettability of interface between solid and liquid, influence by surface tension, etc. It 
has been well known that organic pollusion on the substrate can be removed with ozone and metallic removal with chlo- 
rine radical both in dry process. A problem exists, however, in that Si surface is oxidated by ozone resulting in native 
75 oxide film of 5 to 1 0 A sticked thereto. Thus, it was almost impossible to obtain a metal-silicon contact or a silicon-silicon 
contact with low contact resistance. In other words, it has been impossible at all to carry out the entire manufacturing 
process of semiconductor completely in dry process. 

On the other hand, in the invention, native oxide films sticked to the silicon surface provided with via holes on the 
substrate surface on which thermal oxide film, CVD Si0 2 film, BSGfilm, etc. are extensively formed can be selectively 
20 etched away with diluted anhydrous hydrogen fluoride gas. Therefore, an advantage is that contact resistance of n + Si, 
metal contact and P Si, metal contact can be easily reduced to 1 x 10' 8 n • cm 2 ., thus manufacturing process of sem- 
iconductor can be carried out completely in dry process. 

Since a diluted anhydrous hydrogen fluoride gas of very little moisture is applied herein, not only gas supply pipe 
line made of stainless steel or nickel which is technically well established, but also processing chamber made of metal 
25 such as stainless steel, nickel, silica or ceramic can be practically used. As a result, a very clean high quality process 
essential to the manufacture of submicron ULSI is achieved. In the event of employing gas pipe line made of polymeric 
material or organic substance, no such clean high quality process is achieved at all due to considerable leak outside 
and a very large amount of outgassing. 

Though the invention is described later in detail mainly on the manufacture of submicron ULSI, the invention is also 
30 useful for every industrial field requiring delicate processing techniques such as flat panel display to be formed on a 
substrate of glass or silica. , 

It is recommended that internal surfaces of the pipe line, chamber and diluted anhydrous hydrogen fluoride gas 
generator used in the invention are passivated in accordance with the applicant's preceding Japanese application titled 
"metallic material on which passivated film is formed and apparatus composed thereof filed on July 20, 1988 in view of 
35 increase in reliability and prolongation of life, which eventually results in effective manufacturing technique of high grade 
semiconductors. 

The invention also includes the use of a diluted anhydrous hydrogen fluoride gas generator to generate diluted 
anhydrous hydrogen fluoride in a gaseous condition, for use in the dry etching apparatus mentioned above. The gas 
generator comprises a metal container having an inlet and an outlet of inert gas, and a cooler which cools the metal 
40 container to a prescribed temperature, characterised in that the inlet and the outlet of inert gas being both disposed in 
such a manner as not to contact liquid level of a liquefied anhydrous hydrogen fluoride gas with which the metal con- 
tainer is filled. 

Hitherto, as is disclosed in the Japanese Patent Application laid open under the Publication No. Sho 59-16675, a 
method is employed wherein a nitrogen gas is sprayed on a rich hydrofluoric acid solution and a vaporized hydrogen 
45 fluoride gas is sent out together with the nitrogen gas. In this method, however, there is a disadvantage of not being able 
to produce a diluted gas containing a dry hydrogen fluoride because not only hydrogen fluoride but also water is vapor- 
ized, and besides there is another disadvantage of being almost impossible to determine the content of hydrogen fluo- 
ride. 

Moreover, since hydrofluoric acid is used, corrosivity is very high and, therefore, only certain containers such as the 
so ones made of polymer can be used. When using such containers of polymer, there arise further disadvantages such 
that a large amount of atomospheric components come to be mixed because of significant outside leak at the gas pipe 
fitting section, and that it is substantially impossible to produce a highly pure diluted hydrogen fluoride gas not contain- 
ing moisture because of outgassing from the polymer. 

The Japanese Patent Publication No. Sho 62-502930 discloses a process comprising the steps of heating a cylin- 
55 der filled with a anhydrous hydrogen fluoride to 26°C, measuring the amount of generation thereof with a flowmeter, and 
mixing the generated hydrogen fluoride with a certain amount of nitrogen gas. This process, however, has a disadvan- 
tage of vaporizing moisture contained in the hydrogen fluoride together, and it is also impossible to produce a highly 
pure diluted hydrogen fluoride gas by this process. 

Furthermore, even with the process of producing a nitrogen gas by bubbling it into a liquefied anhydrous hydrogen 
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fluoride, it is impossible to obtain a diluted anhydrous hydrogen fluoride of low moisture, because moisture increases 
due to the bubbling which invites unbalance between gas and liquid. 

To overcome the foregoing drawbacks of the prior arts, the diluted gas generator according to the invention is fea- 
tured by the requirements such that both inlet and outlet of inert gas are provided in such a manner as not to contact 
5 the liquid level of liquefied anhydrous hydrogen fluoride contained in the container, that a cooler is provided/and that 
the entire device or at least the portion to be in contact with anhydrous hydrogen fluoride is made of metal. 

In the diluted anhyrous hydrogen fluoride gas generator of above construction, since the inlet and outlet of inert gas 
are both arranged in such a manner as defined above, any inert gas can be continuously supplied to a gaseous phase 
portion of the container containing a liquefied anhydrous hydrogen fluoride cooled to a required temperature, and a 
io diluted anhydrous hydrogen fluoride gas containing a certain concentration of hydrogen fluoride and a very small 
amount of moisture in the range of 0.001 to 0.3 vppm can be generated by balancing the pressure of vapored hydrogen 
fluoride and that of vapored moisture. It is to be noted that a cooler is essential in the invention for the purpose of cooling 
the liquefied anhydrous hydrogen fluoride to a required temperature. 

Because a liquefied anhydrous hydrogen fluoride containing a very small amount of moisture in the range of about 
15 0.1 to 100 ppm is generally used in the gas generator according to the invention, a certain kind of metals, preferably 
stainless steel and nickel, are applicable as components of the gas generator. 

Other objects and advantages of the invention will become apparent in the course of the following description with 
reference to the accompanying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of the dry etching apparatus in accordance with the present invention; 
Figure 2 is a view showing a chamber made of nickel; 
Figure 3 is a view showing a leaf-shaped chamber made of silica; 
25 Figure 4 is an I R monitor diagram of a diluted anhydrous hydrogen fluoride gas serving as a reaction gas (upper 
line) and a silicon tetrafluoride gas being produced by reaction (lower line); 

Figure 5 is a diagram showing etching rate of a thermal oxide film in relation to temperature of the diluted anhydrous 
hydrogen fluoride gas, and in which mark • shows that the film was completely etched away and mark A shows 
that the film was just partially etched; 
30 Figure 6 is a diagram showing a relation between minimum value of concentration of hydrogen fluoride where etch- 
ing of native oxide film occurs and temperature, and in which mark • shows that the film was completely etched 
away and mark O showing that the film was just partially etched; 

Figure 7 is a diagram showing film etching ratio of thermal oxide film in relation to temperature; 
Figure 8 is a diagram showing a model of critical line between the area in which film is etched and the area in which 
35 film is not etched; 

Figure 9 is a diagram to obtain the clitical line of etching of thermal oxide films formed under different conditions, 
when reaction temperature is 20°C and flow rate of diluted anhydrous hydrogen fluoride gas is 1 min. Concerning 
a wet thermal oxide film to which heating (0 2 :H 2 n 4:6) was applied in the temperature range of 950 to 1000°C, 
mark • shows that the film was completely etched away, and mark O shows that no film was etched at all. Con- 
40 cerning a dry thermal oxide film heat-treated at 1 100°C for one hour, mark A shows that the film was completely 
etched away, and mark a shows that the film was not etched at all ; 

Figure 1 0 is a diagram to obtain the clitical line of etching of a CVD film when reaction temperature is 20°C and flow, 
rate of diluted anhydrous hydrogen fluoride gas is Itfmin. The CVD film was deposited at 400°C, and mark • 
shows that the film was completely etched away and mark O shows that the film was not etched at all; 

45 Figure 11 is a diagram to obtain the clitical line of etching of BSG films formed under different conditions, when 
reaction temperature is 20°C and flow rate of diluted anhydrous hydrogen fluoride gas is 1#min. Concerning a BSG 
film which was doped at 300°C under the gas ratio of B^g/Sify = 1/5 then heat-treated at 1050°C for 30 minutes, 
mark ■ shows that the film was completely etched away, and mark □ shows that the film was not etched at all. Con- 
cerning another BSG film which was doped at 300°C under the gas ratio of B 2 Hg/SiH 4 = 1/10 then heat-treated at 

so 1050°C for 30 minutes, mark • shows that the film was completely etched away, and mark Q shows that the film 
was not etched at all. Concerning a further BSG film which was doped at 300°C under the gas ratio of B 2 H 6 /SiH 4 
= 1/20 then heat-treated at 1050°C for 30 minutes, mark A shows that the film was completely etched away and 
mark a shows that the film was not etched at all; 

Figure 12 is a diagram to obtain the clitical line of etching of PSG films formed under different conditions, when 
55 reaction temperature is 20°C and flow rate of diluted anhydrous hydrogen fluoride gas is 1 Z/min. Concerning a PSG 
film which was doped at 300°C under the gas ratio of PH 3 /SiH 4 = 1/5 then heat-treated at 1050°C for 30 minutes, 
mark A shows that the film was completely etched away, and mark a shows that the film was not etched at all. Con- 
cerning another PSG film which was doped at 300°C under the gas ratio of PH 3 /SiH 4 = 1/10 then heat-treated at 
1050°C for 30 minutes, mark • shows that the film was completely etched away, and mark Q shows that the film 
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was not etched at all. Concerning a further PSG film which was doped at 300°C under the gas ratio of PhySih^ = 
1/20 then heat-treated at 1 050°C for 30 minutes, mark ■ shows that the film was completely etched away, and mark 
□ shows that the film was not etched at all; 

Figure 13 is a diagram to obtain the clitical line of etching of natural oxide films formed under different conditions, 
5 when reaction temperature is 20°C and flow rate of diluted anhydrous hydrogen fluoride gas is 1*/min. Concerning 
a natural oxide film which was treated with 0 3 for one hour by means of a low pressure mercury lamp, mark 
shows that the film was completely eliminated, and mark O shows that the film was not eliminated at alL Concern- 
ing another natural oxide film which was dried with hot air, mark ■ shows that the film was completely etched away, 
and mark □ shows that the film was not etched at all. Concerning a further natural oxide film which was treated with 
10 HN0 3 at. 70°C for 5 minutes, mark A shows that the film was etched away eliminated, and mark a shows that the 
film was not etched at all. Concerning a still further natural oxide film which was treated with 30%H 2 O 2 at 70°C for 
one hour, mark ♦ shows that the film was completely etched away, and mark 0 shows that the film was not etched 
at all; 

Figure 14 is a diagram showing collectively the clitical lines of etching of the foregoing various films, when reaction 
15 temperature is 20°C and flow rate of diluted anhydrous hydrogen fluoride gas is 1 #min. 

Figure 1 5 is a diagram showing the selective etching area the thermal oxide film and native oxide film, when reac- 
tion temperature is 20°C and flow rate of diluted anhydrous hydrogen fluoride gas is 1 #min; 
Figure 16 is a diagram showing a comparison between a pipe line of metal and that of fluororesin in the aspect of 
variation in dehydration inside the pipe lines with the passage of time, and in which mark ▲ indicates pipe line made 
20 of stainless steel and chamber of nickel, and mark • indicate pipe line and chamber of PFA; 

Figure 17 is a schematic view showing that SiO is;provided with a contact hole to be in contact with a region n + of 
source or drain of a MOSLSI formed on a P-type silicon substrate; 

Figure 18 is a schematic view in which a thermal oxide film was formed on a silicon substrate on which a PSG film 
was superposedly formed, then the PSG film was selectively etched with a diluted an hydrous hydrogen fluoride 
25 gas whose density of hydrogen fluoride is 0.1 7 v% and concentration of H 2 0 is 0.02 vppm. 

Figure 19 is a schematic view in which a metal container of the diluted anhydrous hydrogen fluoride gas generator 
is filled with liquefied anhydrous hydrogen fluoride gas. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

30 

In order to carrying out film removal with diluted anhydrous hydrogen fluoride gas under the condition of very little 
moisture, components of the apparatus can be made of metals in the invention. 

Referring now to Figure 1 illustrating a schematic diagram of an example of the apparatus in accordance with the 
invention, reference numeral 1 indicates a diluted anhydrous hydrogen fluoride gas generator such as the one invented 

35 and filed separately by the inventors to the Japanese Patent Office on July 20, 1 988, by which a certain grade of diluted 
anhydrous hydrogen fluoride gas required in the invention can be easily generated and supplied. The generator 1 can 
generate a diluted anhydrous hydrogen fluoride gas which contains a required hydrogen fluoride whose moisture con- 
tent is very small even when the gas amount is small. 

Numeral 2 indicates an inert gas cylinder which supplies the processing chamber with the diluted anhydrous hydro- 

40 gen f luoride gas otherwise purges the inside of the processing chamber to be anhydrous, and wherein nitrogen, argon, 
helium or the like are used as the inert gas. The inert gas can be also supplied from a liquified gas storage tank or on- 
site plant as a matter of course. In Figure 1, the gas pipe line extending from the diluted anhydrous hydrogen fluoride 
gas generator 1 to the processing chamber 3 is made of stainelss steel or nickel. The substrate processing chamber 3 
illustrated in Figure 1 is made of nickel, which is also enlargedly illustrated in Figure 2, in the form of processing a piece 

45 of substrate placed laterally. It is, however, also preferable to form the chamber into such a construction of silica as illus- 
trated in Figure 3 so as to be able to process a plurality of substrates. Numeral 4 indicates a dew-point meter which is 
used for measuring concentration of moisture in the processing chamber. Numeral 5 indicates a monitor which analizes 
concentration of diluted anhydrous hydrogen fluoride gas and production of reaction products such as silicon tetrafluo- 
ride gas. Gas chromatograph, mass spectrometer or infrared spectrophotometer (hereinafter referred to as "IR") is used 

50 as the monitor. An example employing an IR is herein shown. The dew-point meter and IR are not always necessary, 
but it is more convenient using them because concentration of moisture and hydrogen fluoride as well as production of 
silicon tetrafluoride gas can be acknowledged by them. 

For eliminating films from the silicon substrate with a diluted anhydrous hydrogen fluoride gas of very little moisture, 
following steps are to be taken in order. 

55 First, the chamber 3 is charged with a wafer. Valves 11,12, 13, 14, 17, 18, 19, 20. 21, 23. 24, 26, 27 and 28 are 
opened. A high purity nitrogen in the cylinder 2 is let flow in the ratio of 1 /min., thereby lowering the concentration of 
moisture inside the system. It is to be confirmed by the dew-point meter 4 that the concentration of moisture is not more 
than 10 vppm. Valves 20, 23, 26, 27 and 27 are closed, while opening valves 25, 31 and 32 to let the high purity nitrogen 
flow into the IR cell 5. Valves 15 and 16 are opened while closing the valves 13 and 14 to produce a diluted high purity 
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anhydrous hydrogen fluoride gas, whose concentration of hydrogen fluoride is analyzed by the IR. 

The valves 20 and 23 are then opened while closing the valves 21 and 24 so that the diluted high purity anhydrous 
hydrogen fluoride gas flows into the chamber. The gas reactive with oxide film is let flow into the IR cell and analyzed 
there. 

The valves 1 3 and 14 are opened while closing the valves 1 5 and 16 to substitute the diluted anhydrous hydrogen 
fluoride gas remained in the system with the high purity nitrogen. For operating the system continuously, it is recom- 
mended that the inert gas is left flowing into the processing chamber 3 at all times, and the diluted anhydrous hydrogen 
fluoride gas is switched on to flow every time semiconductor substrate is delivered to the processing chamber by a load 
lock mechanism. For eliminating films containing a large amount of metallic impurities, it is preferred that a certain 
amount of chlorine gas is mixed with the diluted anhydrous hydrogen fluoride gas. 

In this connection, the chamber 3 can be also formed into a double-seal sturcture comprisng a packing of fluoric 
material diposed outside and a gasket of metal diposed inside so that the high purity nitrogen may flow through the 
internal part therebetween, as shown in Figure 2. It is not always necessary to adopt such a structure, but the structure 
is desirable in view of securing an extremely low moisture area. 

Results obtained from various analyses by using the IR as a monitor are described hereinafter. 

Upper line in Figure 4 shows a chart of the concentration of hydrogen fluoride continuously measured with the pas- 
sage of time in which wave number is fixed to 3880 cm , and from which concentration of hydrogen fluoride is seen in 
the form of transmittance. In this drawing, supply of diluted anhydrous hydrogen fluoride gas begins at the point 60. At 
this time, the gas is supplied not to the processing chamber but to the IR through by-pass. Concentration of hydrogen 
fluoride is recognized from the height between the points 60 and 61 . After confirming that the diluted anhydrous hydro- 
gen fluoride gas is constantly supplied (61 - 62) at a required concentration (60 - 61), the diluted anhydrous hydrogen 
fluoride gas is supplied to the chamber (62). Reaction occurs instantaneously thereby starting etching of film (62), 
which is completed at the point 63. When dividing film thickness by the time required for etching (62 - 63), etching rate 
can be obtained. When completing the film etching, the diluted anhydrous hydrogen fluoride gas returns to its original 
concentration (64). After confirming that next film etching has not occurred yet (64 - 65), supply of the diluted anhydrous 
hydrogen fluoride gas is stopped. 

Lower line in Figure 4 was obtained by continuously measuring a silicon tetrafluoride gas produced by reaction 
between oxide film and diluted an hydrous fluoride gas when fixing wave number to 1 028. 

Referring to the lower line in Figure 4, when starting supply of the diluted anhydrous hydrogen fluoride gas to the 
chamber (67), a silicon tetrafluoride gas is immediately generated (67 - 70). In Figure 4, numerals 62 and 67 indicate 
respectively supply starting points of the diluted anhydrous hydrogen fluoride gas, and numerals 63 and 69 indicate cor- 
responding supply stop points thereof. The larger the film surface area is, the larger the area surrounded by 67 - 70 is, 
and the larger the film thickness is, the longer the time for 68 - 69 is. Film etching rate can be obtained by dividing the 
amount of variation of transmittance (67 - 68 - 69 - 70) by the time required for film etching (67 - 69). Thus. Figure 4 
shows IR monitor curves when thermal oxide Si0 2 film (whose thickness is 9645 A and are is 1 .86 cm 2 ) is etched with 
2 v% concentration of hydrogen fluoride. 

Film etching rate and film etching ratio in relation to temperature were then obtained. Figure 5 shows a result of 
etching of silicon thermal oxide film by supplying 4.7 v% diluted anhydrous hydrogen fluoride to the chamber at the flow 
rate of Iflmin. while changing temperature. Concentration of moisture (H 2 0) in the chamber was 1 vppm in this proc- 
ess. It was found from this Figure that the film etching rate is maximum in the vicinity of 25°C, slowing down on both low 
and high temperature sides. 

Figure 6 shows minimum concentration of hydrogen fluoride required for occurrence of reaction concerning native 
oxide film. A curve in the drawing indicates a critical concentration of the hydrogen fluoride concentration showing 
whether the reaction takes place or not. It was found from this diagram that the native oxide film is most reactive also in 
the vicinity of 25°C. The same results were obtained concerning the other films. 

Figure 7 shows film etching rate of thermal oxide film in relation to temperature. The film can be etched away per- 
fectly (100 %) under 25°C, but the film etching rate goes down with increase of temperature. Film etching rate is losed 
when temperature is over 45°C. Accordingly, it is essential for the processing chamber of the apparatus to be kept at a 
temperature not higher than 45°C. 

It is acknowledged from, Figures 5, 6 and 7 that the film etching rate is maximum at the temperature in the vicinity 
of 25°C permitting rapid etching of films. In the lower temperature area, though the films can be completely etched 
away, film etching rate is slow down taking long time in the etching. On the other hand, in the higher temperature area, 
the higher the temperature is. the slower the film etching rate is. and moreover the films cannot be completely etched 
away leaving some residual portions. As a result, it is preferable to carry out the film film at the temperature of about 
25°C. 

Table 1 shows conditions of formation of various Si0 2 films and processing conditions thereof. Film etching was 
carried out with respect to each of the films by changing concentration of hydrogen fluoride and that of moisture (H 2 0). 
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Table 1 





Kind of film 


Formation conditions 


Processing conditions 


Film thickness (A) 


5 


Thermal oxide film 


0 2 :H 2 =4:6 950-1 000°C 




9645 




Thermal oxide film 


1000°C, processing for 1 hour 




. 1200 




CVD film 


400°C 




4000-5000 


10 


BSG film 


BgHg/SiH^VS 300°C - 


1050°C for 30 min. 


4000-5000 




BSG film 


B 2 H6/SiH4=1/10 300 o C 


1050°C for 30 min. 


4000-5000 




BSG film 


BohWSiKi=1/20 300°C 


1fmn°n fnr *V) min 

O 1UI OU II 11(1. 




15 


PSGfilm 


PH 3 /SiH 4 =1/5 300°C 


1050°C for 30 min. 


4000-5000 


PSG film 


PH 3 /SiH 4 =1/10 300°C 


1050°Cfor30 min. 


4000-5000 




PSG film 

i i in 1 1 




1U0U 0 tor ou mm. 


jftnn conn 
4000-5000 


20 


Native oxide film 
Native oxide film 


30% H 2 0 2 70 & G processing for 1 hour Pt cata- 
lyzer 

HN0 3 70 ° c processing for 5 min. 




6 
6 




Native oxide film 


0 3 processing for 1 hour low pressure mercury 
lamp - 




11 


25 


Native oxide film 


hot air drying 




6 



The reaction takes place at a certain level of concentration of hydrogen fluoride and that of moisture (H 2 0), and 
30 does not take place at all when those concentrations are lower than that level. In other words, whether or not the reac- 
tion takes place is clearly distictive putting a boundary of concentration therebetween. The boundary is herein called 
the "critical concentration", and Figure 8 shows a model thereof. InPigure 8, axis of ordinates indicates concentration 
of hydrogen fluoride (v%) contained in the inert gas. and axis of abscissa indicates concentration of moisture (V%). As 
seen from this model, film is etched in the upper area of the critical concentration, while no film is etched in the lower 
35 area thereof. The film etching area was determined whether or not a film was etched by applying a certain concentration 
of diluted anhydrous hydrogen fluoride gas for 30 minutes. As the result, it was found that the film was instantaneously 
etched in the film etching area (i.e., upper area of the critical concentration) while no film being etched in the film unetch- 
ing area (i.e., lower area of the critical concentration) after passing 30 minutes. The critical concentration varies 
depending on the conditions of oxide film formation on a substrate and processing conditions. 
40 Critical concentrations for various oxide films were obtained, and Figures 9 to 1 3 show the results, in. which reaction 
temperature was 20°C. 

Figure 9 shows an example of thermal oxide film, and in which critical concentration varies in the lower moisture 
area due to difference in film formation conditions. It was found that a film formed by wet oxidation method is more dif- 
ficult to be etched than that formed by dry oxidation method under the same concentration of H 2 0. For example, when 

45 concentration of H 2 0 was 0.04 vppm and that of hydrogen fluoride was 5 v%, no film formed by wet oxidation was 
etched but film formed by dry oxidation was etched away. However, in the area whose concentration of H 2 0 is higher 
than 0.2 vppm, critical concentrations of the two films were coincident with each other. 

Figure 1 0 shows a result obtained with respect to CVD Si0 2 film, and in which critical concentration of diluted anhy- 
drous hydrogen fluoride gas was almost constantly 0.9 to 1.0 v% when concentration of H 2 0 was less than several 

so ppm. On the other hand, in the higher moisture area, concentration of hydrogen fluoride was sharply lowered with 
increase of concentration of H 2 0. 

Figire 1 1 shows a result of CVD Si0 2 film (BSG film) to which boron was doped. The test was carried out on a film 
formed by changing the doping amount of boron. The result was, however, that critical concentration was not substan- 
tially influenced by the doping amount. 

55 Figure 12 shows a test result of CVD Si0 2 film (PSG film) to which phosphorus was doped. It was found that film 
was etched away even when concentration of hydrogen fluoride was 0.1 v%, and there was found no area where film 
was not etched. 

Figure 13 shows a critical line obtained with respect to native oxide films including a native oxide film formed by 0 3 , 
another native oxide film subject to hot-air drying and a further native oxide film formed by chemical treatment (with 
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HN0 3 , H 2 0 2 ). The result was that the film formed by 0 3 was more reactive than the remaining two native oxide films. 
Figure 14 collectively shows the critical concentrations in Figures 9 to 13. 

In Figure 14, from top to bottom, the critical concentrations of thermal oxide film, CVD film, BSG film and native 
oxide film are shown in order, and it is noted that the critical line of PSG film is less than 0.1 v%. 

5 Figure 15 shows an area in which native oxide film alone is selectively etched when both thermal oxide film and 
native oxide film (ozonated) exist together. In other words, only native oxide film is selected to be etched without etching 
of thermal oxide film by utilizing the hatched area in Figure 15. 

It is possible to carry out such selective etching with respect to any combination of the oxide films in Figure 1 4 other 
than the foregoing combination of thermal oxide one and native oxide one shown in Figure 15. For example, PSG film 

10 alone can be etched from the combination of CVD and PSG films. It is also allowed to carry out such selective eching 
from among more than two films forming a further combination. For example, native oxide film alone can be selectively 
eched from a comlex of thermal oxide film, CVD film and native oxide film or from another complex of thermal oxide film, 
BSG film and native oxide film. PSG film alone can be also etched from a complex of thermal oxide film, CVD film and 
PSG film. 

75 In the area of rather high H 2 0 concentration, however, etching of film takes place even with a diluted anhydrous 
hydrogen fluoride gas of rather low concentration, and selective etching of thermal oxide film, CVD film, native oxide 
film or other film becomes difficult. For example, establishing that the concentration of H 2 0 is 1000 vppm, critical con- 
centration of thermal oxide film comes when concentration of hydrogen fluoride is 0.45%, critical concentration of native 
oxide film formed by hot-air drying comes when concentration of hydrogen fluoride is 0.35 %, and critical concentration 

20 of thermal native film formed by 0 3 comes when concentration of hydrogen fluoride is 0.2 %. Critical concentration of 
CVD and BSG films are positioned in intermediate percentages of concentration of hydrogen fluoride. Controllable 
range of concentration of hydrogen fluoride is + 0.15 % at present, and accordingly selective etching of film by control- 
ling concentration of hydrogen fluoride is difficult in the high moisture area in which concentration of H 2 0 mounts to 
1000 vppm, for example. When concentration of moisture is less than 10 vppm, the critical concentrations for etching 

25 of thermal oxide film, CVD film, BSG film, native oxide film and PSG film are respectively less than 1 .8 %, 0.9 %, 0.65 
%, 0.4 % and 0.1 % which are over the controllable range of concentration of hydrogen fluoride, which means that 
selective etching of film is possible. 

At least one anhydrous inert gas is picked up among nitrogen, helium and argon. In addition to nitrogen, helium and 
argon each serving as a carrier gas, a hydrogen gas easy to obtain ultra high purity gas is preferably used to achieve 

30 the same performance. 

The substrates to be treated by the dry etching device in accordance with the invention are wafers which are, for 
example, sometimes composed of silicon, polysilicon, garnet, binary (two-component) composition such as gallium 
arsennide or indium phosphide, ternary (three-component) composition such as Cd-Hg-Te, Ga-AI-As or Ga-ln-P, and 
quaternary (four-component) composition such as Ga-ln-As-P 

35 The pipe line for supplying diluted anhydrous hydrogen fluoride gas can be made of stainless steel or nickel capa- 
ble of preventing the pipe line from leak outside. 

The processing chamber can be also made of metal such as nickel, stainless steel, etc., silica or ceramics, and 
therefore an apparatus without leak outside at all can be constructed. Accordingly, moisture adsorped in the internal 
surface of the apparatus can be rapidly desorbed, thereby allowing the selective etching of film in the extremely low 

40 moisture area. 

In order to confirm the moisture adsorbed to the inner wall of the pipe line, a high purity nitrogen was supplied to 
flow through the pipe line. After dew point coming to -105°C, the pipe line was left closed for 10 hours. Then the high 
purity nitrogen was again supplied to flow therethrough. As a result of measurment of desorbed moisture, it was found 
that the dew point was slightly raised only to -96°C, thus it was confirmed that moisture adsorbed to the innner wall of 

45 the pipe line was very small. In the nickel chamber, it was found that moisture increased in the dew point range of - 
105°C to -85°C when wafer was actually placed. Comparing a nickel chamber with a PFA chamber in the aspect of var- 
iation of moisture desorption in the reaction system with the lapse of time by flowing high purity nitrogen after releasing 
the chambers for long time until the dew point was raised to -40°C, it was found that the dew point of the nickel chamber 
decreased to -90°C in a few minutes, while that of the PFA chamber decreased to -70°C even after three hours. Figure 

50 1 6 shows the result, and in which mark • indicates the pipe line and chamber made of PFA and mark A indicates the 
pipe line and chamber made of nickel. In this manner, an area of very little moisture impossible to achieve by employing 
polymer resin or fluororesin can be now obtained by employing a supply pipe line and a chamber made of metal. Fur- 
thermore, as the result of employing the metallic materials, more accurate machining is achieved. 

Referring now to Figure 19 showing a schematic diagram of the diluted anhydrous hydrogen fluoride gas generator 

55 whose metal container is going to be filled with a liquefied anhydrous hydrogen fluoride, the container 72 of the diluted 
anhydrous hydrogen fluoride gas generator is made of metal and provided with the inlet 61 and the outlet 66 both for 
inert gas, and the pressure gauge 76, the conductivity measurement 74 and dew-point meter 73 are respectively 
attached to the inlet 61 and outlet 66 at the time of filling with a liquefied anhydrous hydrogen fluoride. Further, a by- 
pass is disposed between the inlet 61 and the outlet 66 and provided with valves 63, 64 so as to be used for cleaning 



8 



EP0 604 393 B1 



the pipe line with liquefied anhydrous hydrogen fluoride at the time of filling the container 72 with it. 

Described hereinafter are the steps of filling the container 72 with a liquefied anhydrous hydrogen fluoride by utiliz- 
ing a high purity nitrogen (whose dew point is not higher than -105°C, and whose moisture is not more than O.OTvppm). 

5 i . Purging of internal parts of the container, pipe line and valves: 

A high purity nitrogen is intorduced through the valve 71 opening the valves 63, 64, 67, 70, 71 while closing the 
valves 62, 65, 68. 69. Then, after opening the valves 62, 65 while closing the valves 63, 64, the cylinder and the pipe 
line are heated by a ribbon heater for 5 hours at 120°C. After cooling, purge is carried out with the high purity nitrogen 
10 until the dew-point meter 73 indicates that D.R is -95°C. 

2. Leak test of the container, pipe line and valves: 

(a) Leak test of the valve 65: 

75 

A high purity nitrogen is introduced through the valve 71 closing the valves 62, 63, 64, 65, 68 while openig the valve 
67. After opening the valves 62, 65. whether there is leak or not is checked with the pressure gauge 76 opening the 
valve 71. 

20 (b) Leak test of. the valve 62: 

A high purity nitrogen is introduced through the valve 71 closing the valves 63, 64, 65, 68 while openig the valves 

62, 68. Applying a pressure to the cylinder, the indication of the pressure gauge 76 is brought to zero closing the valves 
62 while opening the valves 63, 64. Then it is confirmed that there is no leak opening the valves 71 , 63. 

25 

(c) Leak test of the entire system: 

A high purity nitrogen is introduced through the valve 71 closing the valves 64, 65, 68 while openig the valves 62, 

63, 68. Applying a pressure to the cylinder, leak in the system is checked with a Snoop solution. 

30 

(d) Helium leak check: 

Leak at the joint sections and the coupling sections is checked with the helium detector 15. 

35 3. Filling with liquefied anhydrous hydrogen fluoride: 

A high purity nitrogen is introduced through the valve 69 closing the valves 62, 65, 67, 70 while openig the valves 
63, 64, 68, 69 (5#min. for 30 min.). A liquefied anhydrous hydrogen fluoride is then introduced through the valve 69 in 
place of the high purity nitrogen. After acknowledging with the conductivity measurement 74 that moisture is not more 

40 than 0.1 0 vppm, cleaning with the anhydrous hydrogen fluoride is carried out for 30 minutes opening the valves 62, 65 
while closing the valve 64. Then, the container 72 is filled with the liquefied anhydrous hydrogen fluoride while confirm- 
ing with the conductivity measurement 74 that moisture is not more than 0.10 vppm. After filling, the high purity nitrogen 
is intorduced through the valve 69 and the liquid level of the liquefied anhydrous hydrogen fluoride is ajusted to be lower 
than the portion 77. The residual liquefied. anhydrous hydrogen fluoride is discharged closing the valves 62, 65 while 

45 opening the valve 64. After the discharge, the high purity nitrogen is further introduced to carry our purging for 30 min- 
utes, then the cylinder is removed from the valves 61 , 66. The dew-point meter 73. conductivity measurement 74, pres- 
sure gauge 76 and helium detector 75 are not always necessary. However, by carrying out the filling operation using 
these instruments and by employing springless valves free from defects of gas accumulation, the container can be filled 
with a liquefied anhydrous hydrogen fluoride whose purity and moisture are in the same level as those of raw liquefied 

so anhydrous hydrogen fluoride. 

When the cooled container filled with hydrogen fluoride was continuously supplied with a high purity nitrogen at a 
constant speed (1#min. or so), balance between gas and liquid came immediately because of rapid vaporization of 
hydrogen fluoride, thus a diluted anhydrous hydrogen fluoride gas containing a required hydrogen fluoride was 
obtained. Table 4 shows a relation between concentration of hydrogen fluoride and vapor pressure at each temperature. 

55 
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Table 4 



Temp.(°C) 


0 


-20 


-30 


-40 


-50 


-60 


-70 


-80 


Pres.(mmHg) 


361.9 


155.2 


97.2 


59.0 


34.7 


18.4 


10.4 


3.5 


Conc.(V%) 


47.6 


20.4 


12.8 


7.8 


4.6 


2.4 


1.4 


0.5 



Cooling temperature of liquefied anhydrous hydrogen fluoride is freely selected in the range of -1 0°C to -83°C, pref- 
erably in the range of -20°C to -83°C, to achieve a predetermined concentration of gas. 

. Moisture in the gaseous phase of the liquefied anhydrous hydrogen fluoride is determined by the balance between 
gas and liquid of hydrogen fluoride-moisture system. Concentrations of moisture and hydrogen fluoride were obtained 
15 by changing cooling temperature of an anhydrous hydrogen film containing 1 to 10 ppm of moisture when there exists 
no diluted gas, then ratio of concentration between moisture and hydrogen fluoride was calculated. Table 5 shows the 
result of calculation. 



Table 5 



30 



35 



Temp. (°Cj 


Liquid phase 


Gaseous phase 




Concentration of 
H 2 0(ppm) 


Concentration 


. Ratio H 2 0/HF 






H 2 0(vppm) 


HF(v%) 




19.5 


1 


0.022 


99.999 


0.0022 


0 


1 


0.013 


99.999 


0.0013 


-25.0 


1 


0.004 


99.999 


0.0004 


-50.0 


1 


0.00028 


99.999 


0.000028 


-70.0 


1 


0.000063 


99.999 


0.000006 


19.5 


10 


0.22 


99.999 


0.0022 


0 


10 


0.13 


99.999 


0.0013 


-25.0 


10 


0.04 


99.999 


0.000028 


70.0 


10 


0.00063 


99.999 


0.000006 



40 

It is understood from the table that ratio of concentration between moisture, and hydrogen fluoride is small when 
temperature is low and hydrogen fluoride of less moisture is generated. To be more specific, when using a liquefied 
anhydrous hydrogen fluoride containing 0.1 to 100 ppm, moisture in the gaseous phase is 0.0001 to 0.3 vppm. 
45 Table 6 shows amount of moisture contained in a diluted anhydrous hydrogen fluoride gas obtained by cooling a 
liquefied anhydrous hydrogen fluoride from -20°C to -70°C using a high purity nitrogen. For the purpose of comparison, 
Table 7 shows amount of moisture contained in the diluted anhydrous hydrogen obtained by the conventional bubbling 
method. . - 

50 

Table 6 



55 



Temp. (°C) 


Moisture of liquefied 
anhydrous HF(ppm) 


Moisture of diluted anhy- 
drous HF gas (vppm) 


Concentration of HF of 
diluted anhydrous HF 
gas (V%) 


-20 


10 


0.042 


20.4 


-50 


10 


0.011 


4.6 : 


70 


10 


0.010 


1.4 
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Table 7 



Temp. (°C) 


Moisture of liquefied 
anhydrous HF (ppm) 


Moisture of diluted anhy- 
drous HF gas (vppm) 


Concentration of HF of 
diluted anhydrous HF 
gas (V%) 


-20 


10 


2.048 


20.4 


-50 


10 


0.460 


4.6 


-70 


10 


0.063 


1.4 



is The obtained diluted anhydrous hydrogen fluoride is cooled and condensed with a liquefied nitrogen, then amount 
of moisture contained in the liquefied anhydrous hydrogen fluoride gas was measured by conductivity method. Concen- 
tration of the hydrogen fluoride contained in the diluted anhydrous hydrogen fluoride gas was analyzed by infrared 
absorption spectrum anlysis method. 

Nitrogen gas is generally used' as inert gas, and in the event that the nitrogen gas should not be mixed with the 

20 diluted anhydrous hydrogen fluoride, a compltely inert gas such as argon or helium is employed. Concentration of 
hydrogen fluoride contained can be adjusted in the range of 0.1 v% and 30 V%. In addition, standard anhydrous hydro- 
gen fluoride gas can be produced by utilizing the generator of the invention. 

EXAMPLES 

25 

For the purpose of recognizing excellent performance of the apparatus inaccordance with the present invention, the 
inventors carried out a number of experiments on the etching of films, and some of them is hereinafter described as typ- 
ical examples. Accordingly; it is to be understood that the invention is not limited to the under-described examples and 
that several variations or modifications of the film etching disclosed herein can be made by utilizing the etching area 
30 shown in Figures without departing from the spirit and scope of the invention. 

Examples 1 to 32: 

Oxide films formed on a silicon substrate under a variety of conditions were combined as described in respective 
35 examples and placed in the processing chamber. Internal part of the chamber was purged with high purity nitrogen gas, 
and after confirming by a dew-point meter that moisture was sufficiently decreased, a specified concentration of diluted 
anhydrous hydrogen fluoride gas was suppied to the chamber at the. flow rate of 1#min. to etch the films. At this time 
concentration of hydrogen fluoride and silicon tetrafluoride gas being a reaction product was detected by the IR. Film 
. thickness was measured with a profiler or an elipsometer. To determine whether or not the oxide films are actually 
40 etched, water wettability on the silicon substrate was checked. This is because oxide films are hydrophilic while silicon 
surface being not but water-repellent if oxide films are actually etched. Table 2 shows the results. 



45 
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TABLE 2 (I) 



5 


Example 


Different oxide 
films 


HF cone. v% 


H 2 0 cone, 
vppm 


Thick, before 
etch. A 


Thick, after 
etch. A 


Wettability of 
water applied 
film *1 




1 


Thermal 


2.0 


1.0 ' 


9645 


9645 


got wet 






oxide(1) 










10 




Native oxide(1) 






6 


0 


repellent 




2 


Thermal 


1.0 


0.1 


9645 


9645 


got wet 






oxide(1) 
















Native oxide(l) 






6 


0 


repellent 


15 


3 


Thermal 


0.5 


5.0 


9665 


9665 


got wet 






oxide(1) 
















Native oxide(2) 






6 


0 


repellent 




4 


Thermal 


1.0 


0.03 


9665. 


9665 


got wet 


on 




oxide(1) 














Native oxide(2) 






6 


0 


repellent 




5 


Thermal 


1.5 


1.0 • 


1200 


1200 


got wet 


25 




oxide(2) 














Native oxide(3) 






11 


0 


repellent 




6 


Thermal 


0.5 


' 0.1 


1200 


1200 


got wet 






oxide(2) 










30 




Native oxide(3) 






11 | 


0 


repellent 


7 


Thermal 


0.3 j 


0.01 


1200 


1200 


got wet 






oxide(2) 














Native oxide(3) 






11 


0 


repellent 


35 


8 


Thermal 


1.0 


1.0 


1210 


1210 


got wet 






oxide(2) 














Native oxide(4) 






6 


o 






9 


Thermal 


0.6 


0.01 


1210 


1210 


got wet 


40 




oxide(2) 














Native oxide(4) 






6 


0 


repellent 




10 


CVD 


0.6 


1.0 


6130 


6130 


got wet 






Native oxide(1) 






6 


0 


repellent 


45 


11 


CVD 


0^3 


1.0 


6060 


6060 


got wet 






Native oxide(3) 






11 


0 


repellent 



*1) "got dry* means that oxide film remains, and "repellent" means that oxide film was completely etched away. 

50 
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TABLE 2 (2) 



5 


Example 


Different oxide 
films 


HF cone. v% 


H 2 0 cone. 

VDDm 


Thick, before 
etch. A 


Thick, after 
etch. A 


Wettability of 
water applied 
film *1 




12 


CVD 


0.5 


0.1 


6060 


6060 


got wet 






Native oxide(3) 






11 


0 


repellent 


10 


13 


BSG(1) 


0.5 


1.0 


4940 


4940 


got wet 






Native oxide(3) 






11 


0 


repellent 




14 


BSG(1) 


0.5 


0.01 


4940 


4940 


got wet 


15 




Native oxide(3) 






11 


0 


repellent 




15 


BSG(1) 


0.5 


10.0 


4890 


4890 


got wet 






Native oxide(4) 






6 


0 


repellent 




16 


BSG(1) 


0.6 


0.01 


4890 


4890 


got wet 


20 




Native oxide(4) 






6 


0 


repellent 




17 


BSG{2) 


0.5 


1.0 


4940 


4940 


got wet 






Native oxide(3) 






11 


0 


repellent 


25 


18 


BSG(2) 


0.3 


0.01 


4940 


4940 


got wet 






Native oxide(3) 






11 


0 


repellent 




19 


BSG(3) 


0.6 


0.5 


4940 


4940 


oot wet 






Native oxide(4) 






6 


0 


repellent 


30 


20 


BSG(3) 


0.6 


0.01 


: 4940 


4940 


got wet 






i\aiive oxiae^j 






e 
O 


0 


repellent 




21 


Thermal 


2.0 


1.0 


9645 


9645 


got wet 


35 




oxide(l) 
















BSG(1) 






4990 


0 


repellent 




22 


Thermal 


1.0 


0.1 


9645 


9645 


got wet 






oxide{1) 












40 




BSG(1) 






4990 


0 


repellent 



•1) "got dry" means that oxide film remains, and "repellent" means that oxide film was completely etched away. 



45 



50 



■55 



13 



EP 0 604 393 B1 



TABLE 2 (3) 





Example 


Different oxide 


HF cone. v% 


H2O cone. 


Thick hpfnrp 


Thiclf aftor 
1 1 ni^r\. aiitJi 


WottnhiliK/ nf 

vveixauiiiiy 01 


5 




films 




vppm 


etch. A 


etch. A 


water applied 
surface *1 




23 


Thermal 


0.9 


0.01 


9645 


9645 


got wet 






oxide(1) 










10 




BSG(1) 








A 

u 


repellent 




24 


Thermal 


0.2 


0.01 




\C\J\J 


got wet 






oxide(2) 














BSG(1) 








U 


repellent 


15 


25 


CVD 
PSG(2)1 


0.1 


n n? 


conn 
4fiQ0 


conn 
U 


got wet 
repellent 




CO 


DOO^ 1 ) 


n a 


0.01 


4835 


4835 


got wet 


20 




PSG(3) 






5395 


0 


repellent 




27 


Thermal 


0.6 


. 1.0 


1210 


1210 


got wet 






oxide(2) 














ovu 






6140 


6140 


got wet 


25 




Native oxide(4) 






6 


0 


repellent 




28 


Thermal 


0.7 


0.05 


1210 


1210 


got wet 






oxide(2) 














uvu. 






6140 


6140 


got wet 


30 




Native oxide(4) 






6 


0 


repellent 




29 


Thermal 


0.4 


0.05 


1210 


1210 


got wet 






oxide(2) 










35 










6140 


6140 


got wet 




Native oxide(3) 






11 


0 


repellent 




30 


Thermal 


1.5 


1.0 


1220 


1220 


got wet 






oxide(2) 










40 




boo(1) 

Native oxide(4) 






4835 

6 - 


0 
0 


repellent 
repellent 




31 


Thermal 


1.0 


0.1 


. 1220 


1220 


got wet 






oxide(1) 










45 




BSG(i) 

Native oxide(4) 






4835 
6 


0 
0 


repellent 
repellent 




32 . 


Thermal 


0.9 


0.02 


1220 


1220 


got wet 






oxide(1) 










50 




BSG(1) 

Native oxide(4) 






4835 
11 


0 
0 


repellent 
repellent 



) "got dry" means that oxide film remains, and "repellent* means that oxide film was completely etched away. 
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Film formation conditions: 



Thermal oxide (1) 0 2 :H 2 = 4:6 

950to100°C 
Thermal oxide (2) 1 1 00°C processing for 1 nr. 
CVD 400°C 

BSG(1) B 2 H 6 /SiH 4 = 1/5 1050°C for 30 min. 

300°C 

BSG(2) B2H 6 /SiH 4 = 1/10 1050°C for 30 min. 

300°C 

BSG(3) B 2 H 6 /SiH 4 = 1/20 1050°C for 30 min. 

300°C 

PSG(1) PH3/SiH 4 = 1/5 1050°C for 30 min. 

300°C 

PSG(2) PH3/SiH 4 = 1/10 1050°C for 30 min. 

300°C 

PSG(3) PH3/SiH 4 = 1/20 1 050°C for 30 min. 300°C 

Native oxide(1) 30% H 2 0 2 70°C processing for 1 hr. 
Pt catalyzer 

Native oxide(2) HN0 3 70°C processing for 5 min. 
Native oxide(3) 0 3 processing for 1 hr. 

low pressure mercury lamp 
Native oxide(4) hot-air drying 



Comparative Examples 1 to 4: 

As comparative examples, etching of films in the foregoing examples 8, .T5, 28 and 30 was carried out also in the 
high H 2 0 concentration region using an etching apparatus provided with moisture generator. Table 3 shows the results. 



TABLE 3 



Compar. 
example 


Different oxide 
films 


HF cone. v% 


H 2 0 cone, 
vppm 


Thick before 
etch. A 


Thick, after 
etch. A 


Wettability of 
water applied 
film *1 


1 


Thermal 
oxide(2) 


1.0 


500 


1210 


1210 


repellent 




Native 
oxide(4) 






6 


0 


repellent 


2 


BSG(1) 


0.5 


800 


4890 


4890 


repellent 




Native 
oxide(4) 






6 


0 


repellent 


3 


Thermal 
oxide(2) 


0.7 


1000 


1210 


0 


repellent 




CVD 






6140 


0 


repellent 




Native 
oxide(4) 






6 


0 


repellent 


4 


Thermal 
oxide(2) 


1.5 


1.0 


1220 


0 


repellent - 




BSG(1) 






4835 


0 


repellent 




Native 
oxide(4) 






6 


6 


repellent 



"1) "got dry" means that oxide film remains, and 

"repellent" means that oxide film was completely etched away. 
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Examples 33: 

5 For cleaning after providing Si02 with a contact hole contacting a source or drain n + region of MOSLSI formed on 
P-type silicon substrate as illustrated in Figure 17, a wet process using a chemical has been heretofore employed. A 
problem, however, exists in that the chemical cannot evenly enter inside if diameter of hole is so small as to be 0.5 \i m, 
and therefore it has been substantially impossible to carry out uniform etching or cleaning for such a small diameter 
hole. Cleaning with Dl water cannot be carried out satisfactorily, either. 

w A thin native oxide film formed at the time of ozon cleaning was etched away without any damage to Si02 film to be 
served as a structural body of LSI, by using the apparatus of the invention after ozone cleaning and chlorine radical 
- cleaning. That is to say, selective etching of the native oxide film was carried out with a hydrogen fluoride of 1 .0 v% in 
concentration and H 2 0 of 0.1 vppm in concentration using the critical concentrations of thermal oxide films and native 
oxide film shown in Figure 14. Thus, a very clean bare silicon surface was successfully obtained. A contact of such very 

15 low contact resistance as 1 x 10" 8 O- cm 2 was obtained without heat treatment process by laminating such electrode 
materials as Al-Si, Al-Cu-Si. TiN-AI on the bare silicon surface. 

Example 34: 

20 A thermal oxide film (950 A) was formed on a polysilicon substrate as illustrated in Figure 18, and a PSG film 
(PH3/S1H4 = 1/20) of 5000 A was further formed thereon, thus a complex film being formed. The complex film was 
etched with a diluted anhydrous hydrogen fluoride gas (whose concentration of hydrogen fluoride was 0.17 v%, con- 
centration of H 2 0 was 0.02 vppm and dew point was -97.3°C). The result was that the PSG film alone was selectively 
etched without damage to the thermal oxide film. 

25 

Example 35: 

A stainless steel cylinder of 50 mm in diameter and 35 cm in length was filled with an anhydrous hydrogen fluoride, 
then was cooled to -49°C. A high purity nitorgen was supplied to the gaseous phase of the cylinder at the rate of 1 //min. 
30 Concentration of hydrogen fluoride contained in the output gas was measured with IR. It was found that the concentra- 
tion was 5.1 vol% (5.0 vol% in calculation). As a result of analysis, it was found that moisture was not more than 0.01 
vppm. 

Example 36: 

35 

A cylinder filled with a liquefied anhydrous hydrogen fluoride according to Example 33 was cooled to -26°C, and to 
which helium after passing a molecular sieve (dew point: -90°C, moisture: 0.09 vppm) was continuously supplied at the 
rate of 1 .5#min. As a result of analysis of the produced diluted anhydrous hydrogen fluoride gas with IR, it was found 
that concentration of hydrogen fluoride was 17 vol% (17.4 vol% in calculation) and that of moisture was not more than 
40 0.1 vppm. 

Example 37: 

A cylinder filled with a liquefied anhydrous hydrogen fluoride according to Example 33 was cooled to -50°C, and to 
45 which argon (moisture: 0.1 vppm) was continuously supplied at the rate of 0.5#min. As a result of analysis, it was found 
that concentration of hydrogen fluoride contained in the argon gas was 4.6 vol% (4.7 vol% in calculation) and that of 
moisture was not more than 0.1 vppm. 

Examples 38 to 43: 

50 

A cylinder filled with a liquefied anhydrous hydrogen fluoride according to Example 1 was cooled to a predeter- 
mined temperature, and a high purity nitrogen (dew point: -80°C) was continuously supplied to the gaseous phase por- 
tion of the cylinder filled with the liquefied anhydrous hydrogen fluoride at a certain rate, thereby standard HF/N gases 
containing hydrogen fluoride were produced. In this process, the standard gases of very low concentration were pro- 
55 duced by dilution. Table 8 shows the results. 
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Table 8 



Ex. 


Temp. (°C) 


Introduced N 2 (ml/min) 


Diluted N 2 (ml/min) 


Concentration of HF 










Value by Exper. 


Value by Calc. 


38 


-59.0 


1,000 




2.44vol% 


2.50vol% 


39 


-48.6 


1,000 




4.85vol% 


4.80vol% 


40 


-42.5 


1,000 




7.00vo!% 


7.00vol% 


41 


-67.3 


10 


990 


164vppm 


160vppm 


'42 


-70.0 


1 0 


990 


133vppm 


137vppm 


43 


-80.0 


10 


990 


47vppm 


46vppm 



Claims 

20 

1. Use of a diluted anhydrous hydrogen fluoride gas generator to generate diluted anhydrous hydrogen fluoride in a 
gaseous condition, wherein the generator comprises a metal container having an inlet and outlet for inert gas, and 
a cooler which cools said metal container to a predetermined temperature characterised in that said inlet and outlet 
for inert gas being both disposed in such a manner as not to contact liquid level of a liquefied anhydrous hydrogen 

25 fluoride gas with which said metal container is filled. 

2. Use of a diluted anhydrous hydrogen fluoride gas generator in accordance with claim 1 , wherein the gaseous anhy- 
drous hydrogen fluoride is used in a dry etching apparatus for selectively cleaning the surfaces of a substrate hav- 
ing Si0 2 films, comprising:- 

30 

a processing chamber made of metal or silica or ceramics for receiving the substrate; 
means for supplying the inert gas to said processing chamber; 

the metal container containing liquefied anhydrous hydrogen fluoride which contains from 0.1 to 100ppm of 

H 2 0; 

35 means for cooling said container to the range -10°C to -83°C, 

and a metal conduit for conveying the anhydrous hydrogen fluoride gas from said container to the processing 
chamber whereby the concentration of the anhydrous hydrogen fluoride gas, upon mixing with the inert gas in 
the processing chamber is of a concentration to selectively etch said Si0 2 films. 

40 Patentanspruche 

1. Verwendung eines Gasgenerators fur verdOnnten anhydrischen Fluorwasserstoff, urn verdunnten anhydrischen 
Fluorwasserstoff in gasfflrmigem Zustand zu erzeugen, wobei der Generator einen Metallbehalter mit einem EinlaB 
und einem AuslaB fur Inertgas und einen Kuhler besitzt, der den genannten Metallbehalter auf eine vorbestimmte 

45 Temperatur kuhtt, dadurch gekennzeichnet, daB genannter EinlaB und genannter AuslaB fur Inertgas beide in der 
Weise angeordnet sind, daB sie mit dem FlOssigkeitspegel eines verf lussigten anhydrischen Fluorwasserstoffga- 
ses, mit dem der genannte Metallbehalter gefulft ist, nicht in Beruhrung kommen. 

2. Verwendung eines Gasgenerators fur verdunnten anhydrischen Fluorwasserstoff gemaB Anspruch 1 , wobei der 
so gasfcrmige, anhydrische Fluorwasserstoff in einer Einrichtung zum Trockenatzen benutzt wird, urn die Oberflachen 

eines Substrates mit Si0 2 Filmen selektiv zu reinigen, mit: 

einer Bearbeitungskammer, die aus Metall Oder Siliciumdioxid Oder keramischem Material fur die Aufnahme 
des Substrates hergestellt ist; 
55 einem Mittel zum Zufuhren des Inertgases zu der genannten Bearbeitungskammer; 

wobei der Metallbehalter verflussigten, anhydrischen Fluorwasserstoff beinhaltet, welcher 0,1 bis 100ppm an 
H 2 Oenthalt;. 

einem Mittel zum Kuhlen des genanhten-Behalters auf den Bereich von -10°C bis -83°C 

und mit einer Leitung aus Metall fur die Zufuhrung des anhydrischen Fluorwasserstoffgases von dem genann- 
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ten Behaiter zu der Bearbeitungskammer, wodurch die Konzentration des anhydrischen Fluorwasserstoffga- 
ses, nach Vermischung mit dem Inertgas in der Bearbeitungskammer von einer Konzentration fur die selektive 
Atzung der genannten Si02 Filme ist. 

5 Revendications 

1 . Utilisation d'un generateur de fluorure d'hydrogene anhydre gazeux dilue pour engendrer du fluorure d'hydrogene 
anhydre dilue a I'etat gazeux, le generateur comprenant un recipient metaliique ayant une entree et une sortie de 
gaz inerte et un refroidisseur qui refroidit ledit recipient metaliique a une temperature predetermine, caracteris6e 

10 . en ce que ladite entree et ladite sortie de gaz inerte sont dispos6es toutes deux de maniere a ne pas entrer en con- 
tact avec la surface liquide d'un fluorure d'hydrogene anhydre iiquefie dont est rempli ledit recipient metaliique. 

2. Utilisation d'un generateur de fluorure d'hydrogene anhydre gazeux dilue selpn la revendication 1 , dans laquelle le 
fluorure d'hydrogene anhydre gazeux est utilise dans un appareil d'attaque a sec pour nettoyer selectivement les 

15 . surfaces d'un substrat ayant des films de Si0 2 , comprenant 

une chambre de traitement constitute de m6tal ou de silice ou de mature ceramique destinee a recevoir le 
substrat ; . 
un moyen pour fournir le gaz inerte a ladite chambre de traitement ; 
20 le recipient metaliique contenant du fluorure d'hydrogene anhydre liqueftequi contientO.I a "lOOppmde H 2 0 ; 

un moyen pour refroidir ledit recipient dans 1'intervalle de - 1 0*C a -83°C, 

et une canalisation m6tallique,destinee a transporter le fluorure d'hydrogene anhydre gazeux dudit recipient a 
la chambre de traitement, en sorte que la concentration du fluorure d'hydrogene anhydre gazeux, apres 
melange avec le gaz inerte dans la chambre de traitement, soit a une concentration convenant pour attaquer 
25 selectivement lesdits films de Si0 2 . 



' 30 
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Fig. 5 
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Fig. 8 
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Fig. 16 
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Fig. 17 
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